Substrate channeling.
Substrate channeling is the process in which the intermediate produced by one enzyme is transferred to the next enzyme without complete mixing with the bulk phase. This process is equivalent to a microcompartmentation of the intermediate, although classic diffusion occurs simultaneously to varying extents in many of these cases. This microcompartmentation and other factors of channeling provide many potential biological advantages. Extensive examples of channeling can be found in the cited reviews. The choice of methods to detect and characterize substrate channeling depends extensively on the type of enzyme associations involved, the constants of the system, and, to some extent, the mechanism of channeling. Thus it is important to distinguish stable, dynamic, and catalytically induced enzyme associations as well as recognize different mechanisms of substrate channeling. We discuss the principles, experimental details, and limitations and precautions of five rather general methods. These use measurements of transient times, isotope dilution or enhancement, competing reaction effects, enzyme buffering kinetics, and transient-state kinetics. These encompass methods applicable to studies in vitro, in situ, and in vivo. None of these methods is applicable to all systems. They are also susceptible to artifacts without proper attention to precautions. Transient-state kinetic methods clearly excel in elucidating molecular mechanisms of channeling. However, they are often not the best method for initial detection and characterization of the process and they are not applicable to many complex systems. Several other methods that have been successful in indicating substrate channeling are briefly described.